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1 Introduction and summary
The HARP experiment will carry out, at the CERN PS, a programme of precise measurements
of secondary hadrons, over the full solid angle, produced on thin and thick nuclear targets by
beams of protons and pions with momentum in the range 2 to 15 GeV/c.
The main motivation is twofold: to acquire adequate knowledge of pion yields for an optimal and
quantitative design of the proton driver of the neutrino factory; and to improve substantially
the calculation of the atmospheric neutrino flux which is needed for a refined interpretation of
the evidence for neutrino oscillation from the study of atmospheric neutrinos in present and
forthcoming experiments.
Stage 1 of the HARP experiment was recommended for approval by the SPSC on 1 December
1999, and was approved by the Research Board on 17 February 2000 as PS214, for data-taking
in the East Area’s T9 beam until the end of 2001.
Stage 2 of the experiment is planned for the first half of 2002. In Stage 2, the primary proton
target would be removed and deuterium and helium nuclei would be sent directly to the target
of the experiment, which represents a substantial effort on the accelerator side. If the feasibility
of Stage 2 can be ascertained, a proposal will be submitted in due course.
Although the dominant uncertainties in the atmospheric neutrino fluxes will be greatly reduced
by Stages 1 and 2 of HARP, an extension to higher beammomenta in Stage 3, up to∼ 120 GeV/c,
is also under serious discussion among interested parties. The NA49 apparatus in the North
Area is adequate for these measurements. That programme would extend reliable calculations
of atmospheric neutrino fluxes into the 100 GeV/c region, would contribute to solving the puzzle
of the ‘knee’ of the charged-particle cosmic-ray spectrum around 3 × 1015 eV, and would permit
measuring the pion yield of the neutrino target of the MINOS experiment at Fermilab.
The HARP experiment (see Fig. 1) comprises a large-acceptance charged-particle magnetic spec-
trometer of conventional design, located in the East Hall of the CERN PS and using the T9
tagged charged-particle beam. The crucial detector for low-energy secondaries is a cylindrical
TPC inside a solenoid magnet which surrounds the target. Downstream, the TPC is com-
plemented by a forward spectrometer with a large dipole magnet. The TPC, together with
the forward spectrometer, ensures nearly full 4pi coverage for the momentum measurement of
charged secondary particles. Their identification is achieved by dE/dx in the TPC, by time of
flight (TOF), by a threshold Cherenkov detector, and by an electromagnetic calorimeter. The
experiment re-uses a lot of existing equipment, notably calorimeter modules from the CHORUS
experiment and drift chambers from the NOMAD experiment.
A summary of the physical dimensions of the set-up is given in Table 1.
With respect to the set-up described in the proposal, little has changed: To augment the dis-
crimination by dE/dx between charged pions and electrons at large angles, an array of RPCs
will be added, which will measure precisely TOF; the previously planned large identifier of decay
muons has been eliminated, and replaced by a small identifier of beam muons.
A technical run takes place from 25 September to 25 October 2000. Physics data-taking is
planned throughout the PS beamtime in 2001.
In the technical run, the TPC, the RPCs, the Cherenkov detector, the electron identifier and
the TOF wall will not be available as the construction schedule of these sub-detectors does not
permit their availability at this early time. On the other hand, the technical run has a number
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Figure 1: Layout of the HARP experiment.
of well-defined and valuable aims which the collaboration will try to achieve:
• operate the T9 beam between 2 and 15 GeV/c;
• beam instrumentation largely in place;
• experimental area and its infrastructure operational;
• solenoid and dipole magnets in place and powered;
• one solid target mounted;
• inner TPC trigger and forward trigger hodoscope operational;
• NOMAD drift chambers operational;
• beam-muon identifier operational;
• draft version of the DAQ program operational;
• data storage/retrieval in the OBJECTIVITY database operational;
• draft version of the GEANT4-based simulation program operational;
• draft version of the reconstruction program in the GAUDIno framework operational.
2
Table 1: Layout of the experiment: +z denotes the downstream direction; distances in millime-
tres from the target.
From To 〈z〉 Detector
-900 1640 370 Solenoid magnet
-500 1100 300 TPC active volume
0 Target centre
1840 2040 1940 Forward trigger hodoscope
2240 2800 2520 Module of NOMAD drift chambers #1
3200 4910 4055 Dipole magnet (vertical field)
5310 5870 5590 Module of NOMAD drift chambers #2
5910 8210 7060 Cherenkov counter
8710 9245 8978 Module of NOMAD drift chambers #3
9245 9780 9513 Module of NOMAD drift chambers #4 and #5
10180 10780 10480 TOF wall
10780 10800 10790 iron converter
11215 11750 11483 NOMAD drift chamber #6
11750 12285 12018 NOMAD drift chambers #7 and #8
12285 12405 12345 Electron identifier
12405 13765 13085 Beam-muon identifier
15000 Downstream concrete fence
The construction schedule of the missing sub-detectors will permit data taking with a complete
detector in 2001. The schedule is tight; however, at present there is nothing known which calls
that plan into question.
2 Beam
The transverse envelopes of the extended T9 beam line, as calculated by PS beam experts, are
shown in Fig. 2 for a 10 GeV/c beam.
The beam will have two focal points: A is upstream (for the ATLAS/CMS test area which is
untouched), B is downstream at the HARP target. As can be seen in Fig. 2, the beam reaches
in Focus B its smallest transverse envelope. It is designed to have there a relatively symmetric
transverse size of 9 mm × 7 mm (−2σ to +2σ), quite acceptable for the experiment.
At the time of submitting this report, the T9 beam has been tuned to momenta between 5 and
12 GeV/c, with a transverse size in Focus B close to the design values.
The particles to be distinguished from each other are p, pi, K, µ and e, all between 2 and
15 GeV/c. Electrons will be reduced by a lead absorber before the momentum slit. Pions and
protons with momentum above 2–3 GeV/c will be discriminated by two already refurbished
Cherenkov counters, one 5 m and the other 3 m long. The beam Cherenkov counters will be
complemented at low momentum by two TOF scintillation counters with time resolution of
∼ 100 ps which were recuperated from the NA52 experiment. TOF-A will be located at Focus
A, and TOF-B after the last quadrupole, and will be 25 m apart. TOF-B will at the same time
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Figure 2: Horizontal and vertical envelopes of the extended T9 Beam.
The position and direction of incoming beam particles will be precisely measured by three
10 cm × 10 cm MWPCs with 1 mm wire spacing, located in the free space after the last
quadrupole. Another 20 cm × 20 cm MWPC with 2 mm wire spacing will also be fixed to the
last quadrupole. Its purpose is to measure the spatial distribution of off-momentum particles,
which will be compared with the simulation of muons arising from pion decay. This measurement
will contribute to establishing the muon content of the incoming beam, especially at low beam
momentum where the beam-muon identifier will lose its identification capability.
There will also be a scintillator halo counter, designed to remove oﬄine beam particles which
come in coincidence with shower remnants. A coincidence of three scintillators in the beam
line will start the trigger cycle. A small scintillator with 20 mm diameter, located 1150 mm
upstream of the target, will define particle trajectories through the target.
A list of the instrumentation added by HARP to T9 is given in Table 2.
In particular the need to understand muons and pions in the beam line indicates clearly that
the beam line is indeed part of the experiment. Therefore, it will be simulated with GEANT4
like the main set-up.
The MWPCs are equipped with readout electronics recuperated from the DELPHI electromag-
netic calorimeter. The intention is to have the T9 beam line fully equipped (except MWPC2)
and operational in the technical run.
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Table 2: Beam instrumentation provided by HARP (in the downstream direction).
Item Position Characteristics Used for
BEAM 3 locations 3 scintillators start of trigger cycle
TOF-A Focus A scintillator pi/p separation
TOF-B 250 mm after last quad. scintillator pi/p separation, t0
MWPC1 400 mm after last quad. x and y beam particle position
1 mm wire spacing beam particle angle
HALO 550 mm after last quad. scintillator halo particles
MWPC2 700 mm after last quad. x and y beam-muon component
2 mm wire spacing
MWPC3 900 mm after last quad. x and y beam particle position
1 mm wire spacing beam particle angle
MWPC4 1300 mm before target x and y definition of fiducial
fixed to target 1 mm wire spacing target area
TARGET 1150 mm before target scintillator fiducial target volume
3 Targets
In order to maximize the acceptance in solid angle, the targets are located inside the TPC, 50
cm after the beginning of the active volume in the downstream direction.
A number of thin (0.02 λabs) targets made from elements spread across the periodic table will
be used, plus a number of thick targets for a subset of elements, which serve primarily to check
the simulation of re-interactions. The thick targets will have a length of one λabs.
Thin cryogenic targets will also be used: hydrogen, deuterium, oxygen and nitrogen. They are
prepared by the cryogenics service at CERN.
In addition, a replica of the neutrino target of the K2K experiment (and probably also of the
MiniBooNE experiment) will be measured, with a view to determining precisely its pion yield
and subsequently the neutrino flux from pion decay.
A list of the planned targets is given in Table 3.
In the technical run, a thin copper target will be used, mounted in the final ‘target holder’ which
itself is fixed to the upstream end-cap of the flux return of the TPC solenoid magnet.
4 Magnets
4.1 Solenoid magnet
The TPC requires a solenoidal magnetic field, for which the TPC90 magnet was selected, which
was used by the ALEPH collaboration for their prototype TPC. However, several modifications
and refurbishments had to be made. Most important were the removal of the downstream end-
cap of the flux return and a lengthening of the magnet. The latter was necessary to achieve a
sufficient uniformity of the magnetic field inside the active TPC volume. For this purpose, 20
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Table 3: Set of planned targets.















K2K target (aluminium) ∼ 60
MiniBooNE target (beryllium) ∼ 65
Structured target (copper) ≤ 1.5
Skew target (aluminium) 0.79
Table 4: Parameters of the solenoid magnet.
Length (mm) 2550
Outer radius (mm) 820
Inner radius (mm) 450
Total length of coil (mm) 2250
Length of coil with larger radius (mm) 350
DC current (A) 900
Magnetic field (T) 0.7
Power consumption (kW) 720
additional coils were added, of which 14 had a larger outer radius.
The parameters of the solenoid magnet are given in Table 4.
The simulated field map of the refurbished solenoid, in terms of the relevant ratio of the trans-
verse field to the longitudinal field, is shown in Fig. 3. Inside the active TPC volume the
transverse component of the magnetic field is everywhere smaller than 1% of the longitudinal
component.
The solenoid magnet is installed and will be powered in the course of the technical run. However,























































































































Minimum: 0.0,  Maximum: 0.8,  Interval: 0.02
Component: BMOD
Figure 3: Simulated field map of the solenoid magnet.




Width of magnetic gap (mm) 1400 (2410)
Height of magnetic gap (mm) 880
Depth of magnetic gap (mm) 900 (1710)
DC current (A) 2910
Field strength in centre (T) 0.5
Power consumption (kW) 360
4.2 Dipole magnet
The dipole magnet, the ‘Orsay’ magnet MEP 85, has also undergone substantial modifications
and refurbishments. Its new properties are given in Table 5.
The stray field of the dipole magnet at the position of the nearest NOMAD drift chamber is
0.02 T, which is acceptable for its proper operation.
The rebuilding of the dipole magnet is completed and it is installed in the experimental area.
The magnetic field has been mapped.
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5 TPC
Since the time of the proposal, the TPC has undergone important design changes which were
motivated by the necessity to adopt solutions which maintain the required precision but pose a
minimum of risk. In all decisions, an omnipresent consideration was the very short time which
was available for design, construction and commissioning.
5.1 Field-cages and high-voltage membrane
The previously foreseen ALEPH field-cage design was abandoned in favour of a mechanically
simpler design, inspired by the field-cage design of the ALICE TPC. The HARP design is shown
in Fig. 4. It is based on an outer and an inner Stesalit cylinder, each with a first (uncritical) layer
of 10 mm wide potential rings (printed copper on Kapton foils), and a second (critical) layer of
10 mm wide metallized Mylar strips which are precisely positioned by means of 24 (12 for the
inner field-cage) support bars glued to the Stesalit cylinder. The outer and inner field-cages are
thus constructed according to the same principle. The outer fieldcage is 1562 mm long while
the inner fieldcage ends downstream of the target and is only 786 mm long.
There will be virtually no insulating surface exposed to the TPC drift volume. With a view to
eliminating the danger from oxidized (i.e. insulating) surfaces, all conducting surfaces will be
coated with gold.
Figure 4: Layout of the TPC field-cage.
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5.2 Pad plane and wire chamber
The readout wire planes have been arranged in six identical sectors.
In the downstream direction, there is the following sequence of elements:
• motherboard;
• sense wire plane;
• cathode wire plane;
• gating grid;
The motherboard is made of six identical 6-layer printed circuit boards: on one side the pream-
plifiers are mounted; the opposite side represents the pad plane with ∼ 4000 pads arranged in
concentric rings (see Fig. 5); the average pad size is 6.5 mm × 15.5 mm.
The motherboard is considered the most critical item of the TPC. It is scheduled to be completed
by December 2000.
The wire planes have six radial spokes with a width of 7 mm. The frames will be made of
Stesalit. Soldering of wires will be avoided as much as possible by running the wires around
pre-machined precision pins.
5.3 Preamplifiers
In order to comply with the very compact design of the HARP TPC, only an ASIC design of
the preamplifiers was possible. An existing and tested preamplifier design (‘CALICE’) for the
prototype ALICE TPC has been adopted for HARP.
The preamplifier design had only to be modified slightly. The chip production is in progress at
ALCATEL. For reasons of reduced cost, the ASIC chips will be cased in ‘micro-boˆıtes’, the legs
of which will be connected by standard wire-bonding techniques. Each chip will serve four pads.
5.4 Digitizers
The signals from the preamplifiers to the digital readout will be sent by pico-coaxial cables. These
are expensive, however the alternative of a twisted-pair cable would have involved different driver
and receiver circuits, and thicker (= cheaper) coaxial cables were excluded by lack of space.
For the digital readout, the ALICE design has been adopted. The digitization frequency is 10
MHz. Zero-suppression is implemented.
A total of 88 cards with 48 channels each is needed. Some of these cards will be shared with,
and are co-financed by, NA45/CERES. The digitizer cards will be housed in 9U-VME crates,
planned to be rented from the Electronics Pool.
9
Figure 5: Sector of the TPC pad plane.
5.5 Gas system
The total gas volume of the TPC is 700 l. It will be filled with a mixture of 90% argon and
10% methane at atmospheric pressure, circulating with a flux ≤ 100 l/h. Given this low flux,
the cheapest option is to use pre-mixed gas and to vent it to the atmosphere after use.
5.6 Calibration
The main decision taken was to have no laser calibration system as no experiment could be
named where a TPC laser system was performing as planned, and because of the inherent
complications of installing a worthwhile laser calibration system.
The main means of calibration are cosmic muons which pass through the centre of the TPC and
thus produce two tracks which are known to have exactly the same momentum. A rate of ∼ 10
cosmic muons per second is ample.
Furthermore, six radioactive 54Mn sources will be placed at the downstream end of the TPC,
at maximum radius. The half-life is conveniently 0.86 y. 54Mn emits an 835 keV photon (which
interacts in an attached scintillator and serves as trigger) and a 5.5 keV X-ray which deposits
well-defined discrete energies in the TPC gas, on the average a few centimetres from the source.
This makes it possible to (i) obtain an energy calibration including information on linearity of
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response, (ii) equalize the pad response, and (iii) obtain the drift time to drift distance relation.
A cross-check of the drift time can be performed with physics events by measuring the position
of the high-voltage membrane which shows up as the disappearance of forward tracks.
It is intended to make from time to time a run with an admixture of radioactive 83Kr gas,
produced at ISOLDE. This method has been used successfully already by NA49 to obtain a
cross-calibration of the pad response, including the associated readout electronics, with a 0.5%
precision, by the measurement of the characteristic low-energy photon energy spectrum of this
isotope.
An independent cross-calibration of the readout electronics is provided by pulsing the wires of
the gating grid.
Yet a further calibration method is under test: the emission of electrons by the photoelectric
effect from the high-voltage membrane, when illuminated from outside with UV laser light
transmitted by thin quartz fibres to certain positions. This creates charges at well-defined times
and precisely known positions. The impact on the TPC design is minor.
5.7 TPCino
In order to test the main characteristics of the TPC in the vicinity of the readout pad, a small
test TPC, called TPCino, has been constructed with the help of, and based on the experience
of, the CERN group of the NA49 collaboration.
The TPCino validated the design of the pad plane and the wire chamber. As an example, the
pad response function has been measured and found to be in agreement with expectations (see
Fig. 6).
6 RPCs
At large production angles, the separation between electrons, pions and protons rests on the
dE/dxmeasurement in the TPC. However, in the momentum range between 150 and 250 MeV/c,
no separation by dE/dx is possible between electrons and pions. Given the sizeable rate of
electrons arising from the conversion of photons from pi0 decay, another discrimination method
must be employed in that momentum range: TOF. In order to achieve good separation on the
short flight path of ≥ 40 cm, a time resolution of better than 300 ps is needed. Such a time
resolution can be achieved with scintillator sheets with readout on both sides, but is considered
next to impossible to achieve with scintillator sheets with readout on one end only, as would be
the case in HARP.
Therefore, it was decided to surround the TPC with RPCs made of thin sheets of 200 cm length,
14 cm width, and 11 mm thickness.
A few more identical RPCs would be placed between the downstream end of the TPC solenoid,
and the forward trigger hodoscope, with a view to covering large forward angles outside of the
TOF wall’s acceptance.
The RPC design is based on experience within the ALICE collaboration, and the RPC group of































Figure 6: Pad response function of the TPC. The full line denotes the expectation with the
Gatti–Mathieson parameter K3 = 0.5 expected for the HARP TPC.
of 300 µm each, between 1 mm thick high-resistivity glass plates. The design aims at a time
resolution of better than 300 ps.
Parallel to the technical run, tests with prototype RPCs are carried out in the T10 test beam.
The total number of RPC channels is ∼ 600. For the readout electronics, standard ADCs and
high-resolution TDCs are foreseen.
7 Drift chambers
The drift chambers are exclusively the chambers recuperated from the NOMAD experiment,
including their preamplifiers. However, their TDCs which were built according to the FASTBUS
standard, are replaced by TDCs built according to the VME standard.
Also, the drift chambers are to be rotated by 90◦ compared with the situation in the NOMAD
experiment, to match the vertical magnetic field of the HARP dipole magnet.
Out of the 23 drift chambers which are foreseen in the complete experiment, twelve have been
installed for the technical run. Part of the drift chambers undergo a cosmic-ray test before
installation in the beam area. At the time of submitting this report, the 12 installed drift
chambers are stable under high voltage. The preamplifier signals look reasonable.
The NOMAD gas (40% argon + 60% ethane) is flammable and met next to unsurmountable
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difficulties for reasons of safety, and caused quite some delay in the refurbishing of the chambers.
It was therefore decided at rather short notice that a non-flammable mixture would be tried:
90% argon + 9% carbon dioxide + 1% methane. In the technical run, pre-mixed gas is used.
In the course of the technical run, several drift-chamber planes will be read out. However, the
readout of all planes is not possible because of the limited number of available TDCs.
8 Cherenkov counter
The layout of the threshold Cherenkov counter is shown in Fig. 7.
The overall design including all dimensions is completed. The detector has outer dimensions of
5.4 m (width) × 3.0 m (height) × 2.3 m (depth). The path of Cherenkov light up to the PMs
is understood, including optical aberrations.
The entrance window has an area of 3 m × 1.6 m, and the exit window of 4 m × 2 m. The
minimum particle path in the gas is 1.86 m. There are 2 × 12 mirrors which focus the light onto
2 × 19 PMs. Each PM has a Winston cone with a 340 mm diameter entrance. The efficiency
of light collection is estimated at 96% and is uniform across the PMs. The PMs are separated
from the gas volume by a sheet of Schott B270 glass.
The 8” diameter PMs have been recuperated from the CHOOZ experiment.
The gas is C4F10 (perfluorobutane) which is eight times heavier than air. It has already been
delivered. One fill (31.4 m3) costs about 30 kCHF. Its recuperation is mandatory in view of this
cost.
The gas system is a simplified version of the system used by the COMPASS experiment. The
assembly of the gas system has started.
The production of the mirrors (plastic with aluminium coating) is well under way. So is the
production of all other parts (mechanics, PM shieldings, PM bases, mirror supports, Winston
cones).
9 TOF wall
It had been planned to construct the TOF wall from existing scintillators recuperated from a
neutron–antineutron oscillation experiment at Grenoble. However, time-resolution tests have
revealed an unpleasant surprise: the scintillators have undergone deterioration by ageing and
now have two different attenuation lengths (2 m and 0.4 m), which worsens the time resolution
to 1.5 ns, far outside HARP specifications (the specified time resolution is 300 ps).
As there is no realistic hope of substantial improvement, new scintillator sheets have been ordered
(the funding from INFN had been secured). The new material is BC-408 from Bicron, which
has slightly better properties than the NE110 of the existing scintillators.
The design with the new scintillators now foresees one TOF wall consisting of 39 counters, and
will therefore use less electronics than the previously planned two-wall design.
Two sheets of 1.8 and 2.5 m have already been successfully tested: the time resolution was 250
ps.
13
Figure 7: Layout of the Cherenkov counter.
In the technical run, only one counter will be put into the beam with the primary aim to test
the electronics and DAQ.
High-resolution (35 ps) commercial TDCs are also under test, with a view to understanding
the observed cross-talk between channels which has been found in all commercially available
products tested so far.
10 Electron identifier
The primary purpose of the electron identifier is to discriminate electrons from pions, since pions
may occasionally disguise themselves in the Cherenkov counter as electrons when accompanied
by knock-on electrons. For this purpose, refurbishing and installation of existing calorimeter
modules from CHORUS was the simplest solution.
Detection of pi0’s in addition to charged pions represents only a very minor upgrade of the set-
up but strengthens the physics output considerably. Above 1 GeV/c momentum, pi0’s can be
identified.
A passive converter of 2 cm thick iron is placed in front of the electron identifier to convert
a good fraction of gammas from pi0 decay. The identification would be through the invariant
two-gamma mass, reconstructed on the assumption that both gammas originate from the target
centre.
For the electron (and pi0) identifier, the sequence of components in the downstream direction is
as follows:
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• a photon converter made of 2 cm thick iron
• three NOMAD drift chambers;
• one plane of 62 ‘em’ calorimeter modules (5 r.l., active width 4.96 m, height 262 cm);
• one plane of 80 ‘had’ calorimeter modules (11 r.l., active width 6.4 m, height 335 cm).
• one plane of 32 scintillators of dimension 320 cm × 20 cm, which solely serves, in coinci-
dence with the TOF wall, to generate a cosmic-muon trigger which is intended to monitor
the response of the electron identifier.
This calorimetric system involves 2 × ((2 × 62) + 80) = 408 PMs which all exist. The signals
will be read out by CAEN V792 QDCs.
The construction of the electron identifier has suffered a delay with respect to the original
schedule because all available engineering manpower was concentrated on other sub-detectors,
in particular the TPC. The necessary manpower for design and construction is now identified
and the project moves ahead.
11 Beam muon identifier
Beam muons need to be identified since they would lead to a wrong interaction cross-section if
accounted as pions. At high momenta, the most effective method is through non-showering in
a sufficiently deep, longitudinally segmented calorimeter (some six interaction lengths). Only a
small transverse dimension of order 1 m is needed.
For the beam-muon identifier, the iron structure of a test set-up for the ALEPH hadron calorime-
ter is re-used. It is 140 cm wide and is placed in the horizontal direction asymmetrically with
respect to the beam line, so as to intercept for all beam momenta, without movement, the beam
muons which are horizontally deflected by the spectrometer magnet.
Especially at low beam momentum where the beam-muon identifier loses its discrimination
power, beam muons (which generally will have lower momentum since they dominantly result
from pion decay along the beam line) will be bent stronger by the magnetic dipole field. Besides
calibrating the identification of muons in the beam-muon identifier, the tail to lower momenta
will also help to estimate the muon content of the beam at the nominal momentum.
Before the beam-muon identifier, a passive 32 cm layer of iron is located. The test calorimeter
itself will be equipped with five planes of six scintillators each, read out at both sides. The
scintillator and the PMs have been recuperated from previous experiments. The modification
and installation of the scintillator planes have been completed and the beam-muon identifier is
operational for the technical run, except for limited readout electronics.
12 Physics trigger
The physics trigger relies on an OR of
• the inner TPC trigger which will intercept large-angle and backward-going secondaries;
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• the RPCs;
• the forward trigger hodoscope which complements the trigger acceptance in the forward
direction.
Building on information from subordinate local trigger units, a central trigger logic controls the
triggering process of physics events. (In addition, there will be special beam triggers, cosmic-
muon triggers, pedestal triggers, and calibration triggers. Other than for physics triggers, the
latter three categories will lead to the readout of a subset of detectors only, e.g. beam triggers
to the readout of beam information only.)
The inner TPC trigger (see Fig. 8) is constructed as a cylindrical array of scintillating fibres
glued onto a thin carbon fibre tube which itself surrounds the target holder. The scintillation
light is read out by 16 PMs. This instrument is scheduled for completion by mid October 2000.
It will then be installed inside the TPC and made operational.
The forward trigger hodoscope, which consists of two planes of 14 scintillators each has been
completed and installed. It has a central hole of 6 cm diameter: a compromise between maximum
efficiency for forward-going secondary particles and insensitivity to beam particles which did not
interact in the target but underwent multiple scattering.
Both the inner TPC trigger and the forward trigger hodoscope will serve for triggering in the
latter part of the technical run.
The RPCs provide a redundant trigger source needed to measure the total trigger efficiency.
Figure 8: Layout of the inner TPC trigger.
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13 DAQ and controls
For the data acquisition, the ALICE DAQ prototype DATE is used, with HARP-specific modi-
fications. All programs run on PCs under LINUX.
Work is proceeding on DAQ partitioning, i.e. configuring DATE such that every sub-detector’s
DAQ is able to run in standalone mode, and on getting the various readout digitizer modules
addressed and read out.
In order to minimize work, all readout is requested to comply with the VME standard. The
VME equipment would be rented from the Electronics Pool, with the exception of the high-
resolution TDCs needed for the TOF wall. A pertinent agreement has been concluded on that
matter and the Electronics Pool took charge of ordering the needed units.
A local buffer of 500 Gbyte capacity for data storage is planned, to cope with possible problems
resulting from an interruption of central data recording.
For networking, three switches of 24 connections each, with a speed of 100 Mbit/s, have been
installed. Thus no limitation is expected from the network bandwidth.
In the technical run, the beam and trigger equipment and a good part of the drift chambers will
be read out, as will some modules of the electron identifier, part of the beam-muon identifier,
and one TOF wall channel.
14 Oﬄine software
The stringent time schedule of the HARP experiment makes mandatory an effective software de-
velopment process. Therefore, established software-engineering procedures which are standard,
for example, in the European space programme, were adopted:
• a small number of ‘use cases’ strictly limited to the tasks of the technical run was agreed
upon;
• a well-defined set of user requirements was derived from the use cases;
• these user requirements were transformed into a thoroughly scrutinized set of software
requirements;
• the architectural Object-Oriented design was worked out in an iterative process, leading
to the identification of the software domains, the definition of their dependence structure
and of all interfaces;
• the detailed software design and code production in C++ language were implemented;
• unit testing, system testing and release procedures were defined and implemented.
Complementing the above approach, a number of accompanying decisions have been taken and
implemented:
• OBJECTIVITY as database, including the storage of physics data;
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• a reduced version of GAUDI, the framework prototype of the LHCb experiment, as com-
mon framework for all HARP software components;
• GEANT4 for simulation and detector geometry representation;
• ROOT as event display and analysis tool.
Writing data to and retrieving data from OBJECTIVITY is already functional in the DAQ
domain, and has been implemented in the oﬄine software.
For the framework of simulation and reconstruction, GAUDI has been selected. The subset of
the GAUDI functionality which was necessary and implemented for HARP, which requires less
generality and is less demanding, is referred to as GAUDino.
The GEANT4 toolkit is functional and has already been successfully exported from CERN to
a collaborating institute. Also some detailed work has been done already: the generation of
‘triplets’ (a reconstructed space-point from three adjacent chamber planes with different wire
orientations) in the NOMAD drift chambers, and the drift of electrons in the TPC, resulting in
a simulated pad response function.
A formal cooperation agreement between HARP and the GEANT4 collaboration has been con-
cluded.
The definition of the HARP geometry and the definition of the respective GEANT4 classes is
completed. The detector geometry representations used by simulation, reconstruction, and event
display have been consistently derived from a common detector description data set.
The first software release coincided with the start of the technical run, compliant with schedule
and specifications. New versions are regularly produced which add in a coherent way more and
more functionality, in accordance with the agreed goals and priorities. The second software
release is scheduled for the last week of the technical run.
A ‘hands-on’ training programme with ‘application templates’ for the analysis of data from the
technical run has been launched, with a view to getting the collaboration converted to the new
software environment as soon and as effectively as possible.
15 Schedule
Table 6 shows the planned completion dates for the sub-detectors which are still under construc-
tion. The construction schedule of these sub-detectors will permit data taking with a complete
detector on 2 April 2001, the day when the PS will deliver protons to the East Hall according to
the draft PS schedule. There is relatively little interference between the construction of the sub-
detectors. On the other hand there is manifestly little contingency in the construction schedule,
however at present there is nothing known which calls the planning into question.
Of the major components, the Cherenkov detector, the TOF wall and the electron identifier
are considered low-risk items. The largest risk is clearly associated with the TPC, followed by
the risk associated with the RPCs. In either case there is no time left to recover from major
disasters. The designs are considered safe and proven, however unforeseen problems from high
voltage and electronics performance cannot be excluded. In order to trace problems as early as
possible, HARP tries hard to stick to its schedules, and is paying high attention to strict quality
control at every step of production.
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Table 6: HARP construction schedule.
Sub-detector Month of installation
MWPC 20 cm × 20 cm January 2001
TOF wall January 2001
Cherenkov counter February 2001
Electron-identifier February 2001
Cosmic trigger plane March 2001
TPC March 2001
RPCs March 2001
Detector control March 2001
Cryogenic targets June 2001
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